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1. Description of Progress

As mentioned in the Phase | proposal, the inlet calibration device will utilize two
windows inserted into the beam path of the FSSP 100/300. The purpose of
these windows is to allow optical access to the particles flowing through the
tubing from the aerosol inlet to the instrumentation in the cabin. The effect of the
windows on the FSSP measurements needs to be understood to determine if the
sizing calibration of the FSSP will be affected.

As a first order approximation, inserting a plane parallel plate after a lens will
longitudinally displace the focus of that lens. The longitudinal shift in focus, d, is
given by
d _Ww-1) ])t
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where N is the index of refraction of the window material and f is the thickness of
the window. Figure 1 shows the displacement of the image resulting from
inserting a plane parallel plate after a lens.

The FSSP 100/300 uses a lens with a focal length of 50/ 55 mm to concentrate
the laser light scattered by a particle in the sample volume around the dump spot
and onto the detectors. Inserting a window into the sample volume will
effectively shift the sample volume from the center of the FSSP sample tube
toward the laser side of the sample tube. A thinner window will result in a smaller
shift in the sample volume. Sapphire windows are a good choice because their
high strength allows a relatively thin window to be manufactured. Esco Products,
Inc. manufactures Sapphire windows as thin as 0.5 mm with diameters of 6.25
mm and 9.62 mm. For Sapphire, N=1.766 at a wavelength of 633 nm. Using
t=0.5 mm and N=1.766 in the above equation, this results in a longitudinal shift in
the sample volume of approximately 0.217 mm away from the center of the
sample tube.

The dump spot and aperture in the FSSP 300 are sized to collect scattered light
between approximately 4° and 12°. The theoretical Mie curve used to determine
the particle size is based on integrating the light scattered within these angles as
a function of particle size. Based on the first order approximation above, the light
rays passing through plane parallel plate will have the same angle before and
after hitting the plate. Therefore, the collection optics of the FSSP should still
collect light scattered between 4° and 12° from the center of the displaced
sample volume. More work needs to go into this area to determine if this first
order approximation is valid or if more detailed optical analysis needs to be
performed using Zemax™.

The windows used will most likely be anti-reflection (AR) coated to reduce the
scattered light from the windows from reaching the detectors. The AR coating will
decrease the reflective losses of the laser beam intersecting the four Sapphire/air
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interfaces. The transmission of Sapphire at 633 nm is approximately 85%. The
intensity of the scattered light signal reaching the detectors will therefore be
reduced by the addition of the two windows by (0.85)(0.85)=0.722. ltis yet to be
determined if this loss in signal needs to be compensated for. Possible
approaches may be to increase the laser power, increase the gain downstream
of the detectors, or to apply a scaling factor to the data in post processing.

Preliminary work has begun on the mechanical design of the inlet calibration
device. Figure 2 is a preliminary design of the inlet calibration device from the
Phase | proposal. A market search is being conducted to determine if
commercially available tubing fittings exist that can be used to couple the inlet
calibration device to the conductive silicone tubing. The fittings must have the
same inner diameter as the tubing so the flow is not disturbed as it passes
through the device. Custom fittings will be designed if commercial fittings cannot
be found.

Another aspect of the design being considered is that the inlet calibration device
must be oriented so the windows are perpendicular to the laser beam throughout
the full range of translation. If the device tilts while at different locations in the
sample tube, it will steer the laser beam slightly, as well as the scattered light
from particles in the sample volume. This misalignment could result in some
signal being present on the detectors in the absence of particles as well as an
error in the sizing of particles. The inlet calibration device must be designed so
the translator, sampling tube, and FSSP sample tube maintain their orientation to
each other at all times. Simply translating the device through its range of motion
in the absence of particles and looking at the output of the instrument will verify if
the inlet device is creating a false signal because it is misaligned.

2. Work to be completed during the next period

During the next period, more effort will go into determining the effect of the
windows on the FSSP measurement. If necessary, detailed ray tracing will be
performed to determine the new scattering angles collected. The theoretical Mie
curve will be generated for these new angles and compared with the existing
curve. This information will assist in interpreting the data from the laboratory
tests.

More effort will be spent on completing the mechanical design for the inlet
calibration device over the next period. After the design is complete, detailed
parts drawings will be generated and any vendor supplied items will be
purchased. The SPEC owned FSSP will become available for laboratory testing
over the next period. SPEC will also pursue obtaining an FSSP 300 to be used
for laboratory testing of the inlet calibration device.




3. Total Cumulative Costs as of Report Date

Cumulative costs expended through May 31, 2001 total $4,730.11; direct labor
of $2,235.40 and indirect costs of $2,494.71.

4. Estimate of Cost to Complete the Contract

Physical completion of the contract is estimated for an additional 93% of effort.

Prepared by:

Patrick Zmarzly, Optics/Mechanical Systems Engineer
Ph: (303) 449-1105 Fax: (303) 449-0132
pzmarzly@specinc.com




Figure 1. Longitudinal displacement of an lmage by a plane parallel plate.
(taken from Modern Optical Engineering, 2" edition, Warren J. Smith, 1990.)
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Figure 2. Preliminary design of inlet calibration device from Phase | proposal.
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